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 Very Severe Cyclonic Storm ñVAYUò over the Arabian Sea  

(10-17 June 2019) 

 

1. Introduction 

                Very Severe Cyclonic Storm (VSCS) ñVAYUò originated from a low pressure 

area (LPA) which formed over southeast Arabian Sea and adjoining Lakshadweep & 

eastcentral Arabian Sea (AS) in the morning (0300 UTC) of 09th June. It lay as a well-

marked low pressure area (WML) over the same region in the same evening (1200 UTC).  

Under favourable environmental conditions, it concentrated into a Depression (D) over 

eastcentral & adjoining southeast AS in the early morning (0000 UTC) of 10th June. 

Moving north-northwestwards, it intensified into a deep depression (DD) over the same 

region by 0600 UTC and further into cyclonic storm (CS) ñVAYUò around midnight (1800 

UTC) of 10th June, 2019 over eastcentral & adjoining southeast AS. It then moved 

northwards and intensified into a severe cyclonic storm (SCS) in the evening (1200 UTC) 

of the 11th June and into very severe cyclonic storm (VSCS) in the same midnight (1800 

UTC) over the eastcentral AS. It then moved north-northwestwards till 13th June and then 

westwards and weakened into an SCS in the early morning (0000 UTC) of 16th June, 

2019 over northeast AS. It gradually started re-curving northeastwards from the evening 

(1200 UTC) of 16th June, and weakened into a CS in the same night (1500 UTC) over 

northeast AS. Thereafter, it moved east-northeastwards and weakened into a DD in the 

morning (0300 UTC) of 17th June and into a depression in the same afternoon (0900 

UTC) over the over northeast AS. It further moved east-northeastwards and weakened 

into a well marked low pressure area over northeast AS and adjoining Saurashtra & 

Kutch in the midnight (1800 UTC) of 18th June. The observed track of VSCS Vayu is 

presented in Fig.1. 

 

2. Salient Features: 
 

The salient features of the system were as follows: 
i. The cyclone, VAYU exhibited multiple re-curvatures in its track. It initially moved 

towards north-northwest and then re-curved towards west and then northeastwards. 

ii. Climatologically, it is seen that 4 out of 5 SCS and above intensity storms crossing 

Gujarat coast in the month of June during 1891-2018 exhibited northeastwards re-

curvature.  

iii. The track length of the cyclone was 1862 km. 

iv. The system skirted south Gujarat coast while moving from eastcentral AS to 

northeast AS during 13th ï 14th June, 2019. 

v. It had rapid intensification during 10th evening to 11th June evening, with increase in 

maximum sustained wind speed (MSW) from 30 knots at 1200 UTC of 10th to 55 

knots at 1200 UTC of 11th June. 

vi. The peak MSW of the cyclone was 140-150 kmph (80 knots) gusting to 165 kmph 

during 0600 UTC 0f 12th June to 0000 UTC of 14th June over the eastcentral AS. 

The lowest estimated central pressure was 970 hPa during the period (Fig.3a). 
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vii. Though it intensified upto VSCS with wind speed of 80 knots (140-150 kmph), it 

weakened over the Sea while moving towards north Gujarat coast. It crossed north 

Gujarat coast as a well marked low pressure area.  

viii. The life period (D to D) of the system was 180 hours (7 days & 12 hours) against 

long period average (LPA) (1990-2013) of 140 hours (5 days & 20 hrs) for VSCS 

categories over AS during monsoon season.  

ix. It moved with 12 hour average translational speed of 10.0 kmph against LPA (1990-

2013) of 14.3 kmph for VSCS category over north Indian Ocean (Fig.3b).  

x. The Velocity Flux, Accumulated Cyclone Energy (a measure of damage potential) 

and Power Dissipation Index (a measure of loss) were 16.6 X102 knots, 11.18 X 104 

knots2 and 7.82 X106 knots3 respectively against long period average during 1990-

2013 of 2.12 X102 knots, 1.4 X 104 knots2 and 1.0 X106 knots3 respectively over the 

Arabian Sea. 

xi. The track forecast errors for 24 and 48 hrs lead period were 67.5 and 125.9 km 

respectively against the average track forecast errors of 86.1 and 132.3km during 

last five years (2014-18) respectively. The track forecast skill was about 57% and 

57% against the long period average (LPA) of 58% and 70% during 2014-18 for 24 

and 48 hrs lead period respectively. 

xii. The absolute error (AE) of intensity (wind) forecast for 24 and 48 hrs lead period 

were 6.6 and 11.9 knots against the LPA of 9.6 and 14.1 knots respectively 

xiii. The system caused light to moderate rainfall at many places with isolated heavy to 

very heavy rainfall over Saurashtra & Kutch on 13th & 14th and over Gujarat region 

on 14th. It also caused light to moderate rainfall at many places with isolated heavy 

to very heavy falls over Kerala, coastal Karnataka and Konkan & Goa during 10th -

14th June. 

xiv. As the cyclone skirted Gujarat coast, the core maximum wind due to the cyclone 

occurred over the Sea. However, the squally to gale wind speed from 45 kmph to 90 

kmph occurred along & off Gujarat coast during 12th to 14thJune.  

xv. A total of 61 national bulletins, 91 hourly bulletins and 32,28,156 Nos. of SMS were 

sent in association with the system.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1 Observed track of VSCS VAYU (10-17 June, 2019) over Arabian Sea 
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2. Monitoring of VSCS, óVAYUô 

India Meteorological Department (IMD) maintained round the clock watch over the 
north Indian Ocean and the cyclone was monitored since 6th June about 4 days prior to 
cyclogenesis. The extended range outlook issued on 6th June, indicated that there is 
medium probability of cyclogenesis during later part of week 1 (07-13 June) over 
southeast & adjoining east-central AS and low probability of cyclogenesis during first half 
of week 2 (14-20 June) over northwest & adjoining west-central AS. Thus the cyclone 
was monitored & predicted continuously from 6th June onwards by IMD.  

The cyclone was monitored with the help of available satellite observations from 
INSAT 3D and 3DR, polar orbiting satellites, and available ships & buoy observations in 
the region. The system was also tracked by IMD Doppler Weather Radars at Kochi, Goa, 
Mumbai and Bhuj as it moved from south to north. Various numerical weather prediction 
models developed by Ministry of Earth Sciences (MoES) institutions and dynamical-
statistical models were utilized to predict the genesis, track, landfall and intensity of the 
cyclone. A digitized forecasting system of IMD was utilized for analysis and comparison 
of various model guidance, decision making process and warning product generation.  
 

3.  Brief life history 

3.1. Genesis  

At 0300 UTC of 9th, the sea surface temperature (SST) was 31ęC over central and 

south AS. The Tropical Cyclone Heat Potential (TCHP) was around 100-110 KJ/cm2 over 

the system area. It was less than 60 KJ/cm2 to the north of 200N over Arabian Sea. Total 

Precipitable Water vapour (TPW) imageries indicated warm air advection into the system 

centre. The Madden Julian Oscillation (MJO) index lay in phase 3 with amplitude more 

than 1. It was favourable for enhancement of convection & cyclogenesis over AS. The 

low level relative vorticity was north-south oriented and was around 50-70 x10-5sec-1 over 

southeast AS and was extending upto 200 hPa level in association with the Inter Tropical 

Convergence Zone (ITCZ) and consequently the southwest monsoon activity over the 

region. The lower level convergence was about 20 x10-5sec-1 over southeast AS. The 

upper level divergence was about 30x10-5sec-1 over southeast AS. The vertical wind 

shear was moderate (20 kt) over the southeast AS. It was decreasing towards north and 

towards Oman coast. The upper tropospheric ridge ran along 190N. Under these 

favourable conditions, an LPA formed over southeast AS and adjoining Lakshadweep 

area & eastcentral AS at 0300 UTC of 9th. 

At 0000 UTC of 10th, similar Sea conditions prevailed. The MJO index lay in phase 
3 with amplitude more than 1. The low level relative vorticity increased in past 24 hours 
and was around 200 x10-5sec-1 to the west of the system centre. Positive vorticity was 
extending upto 200 hPa level. The lower level convergence increased and was about 30 
x10-5sec-1 to the west of the system centre. The upper level divergence increased and 
was about 40 x10-5sec-1 to the southwest of the system. The vertical wind shear 
decreased and was low to moderate (10-20 knots) over the system area. It was 
decreasing towards north and towards Oman coast. The upper tropospheric ridge ran 
along 20°N. Under these conditions, the system concentrated into a depression over 
southeast AS and adjoining Lakshadweep & eastcentral AS at 0000 UTC of 10th June, 
2019 near latitude 11.7°N and longitude 71.0°E. 
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3.2. Intensification 

 
At 0600 UTC of 10th, similar sea conditions and MJO state prevailed. TPW 

imageries indicated warm air advection into the system centre. The low level relative 
vorticity was the same around 200 x10-5sec-1 to the west of the system centre extending 
upto 200 hPa level. The lower level convergence increased and was about 50 x10-5sec-1 
to the southwest of the system centre. The upper level divergence was about 30 x10-

5sec-1 to the west of the system centre. The vertical wind shear was low to moderate (10-
20 knots) over the system area. It was decreasing towards the north. The upper 
tropospheric ridge ran along 20°N. The system was lying in the outer periphery of the 
anticyclone over central parts of India. Under these conditions the depression moved 
northwards and intensified into a DD at 0600 UTC of 10th near 12.5°N/70.9°E over 
eastcentral and adjoining southeast AS & Lakshadweep area.  
 At 1800 UTC of 10th, similar Sea and environmental conditions prevailed, the 
system moved north-northwestwards, intensified into a CS and lay centered near 
13.9°N/70.6°E over eastcentral & adjoining southeast AS. 

At 1200 UTC of 11th, similar Sea conditions prevailed. MJO lay in phase 3 with 
amplitude more than 1. The TPW imageries (Fig. 2) indicated warm air advection to the 
system centre. The low level relative vorticity was around 250x10-5sec-1 around the 
system centre extending upto 200 hPa level. The lower level convergence increased and 
was about 40x10-5sec-1 to the southwest of the system centre. The upper level 
divergence decreased and was about 20x10-5sec-1 to the southwest of the system centre. 
The vertical wind shear was moderate to high (20-25 knots) over the system area. 
However, it decreased towards north. The upper tropospheric ridge ran along 20°N. The 
system was lying in the outer periphery of the anticyclone over central parts of India. 
Under these conditions, the system moved nearly northwards, intensified into an SCS 
and lay centered near 16.1°N/ 70.6°E over eastcentral AS. 

At 1800 UTC of 11th, similar Sea conditions prevailed. MJO lay in phase 3 with 
amplitude more than 1. The low level relative vorticity was around 250x10-5sec-1 around 
the system centre extending upto 200 hPa level. The lower level convergence increased 
and was about 40x10-5sec-1 to the southwest of the system centre. The upper level 
divergence is about 20x10-5sec-1 to the southwest of the system centre. The vertical wind 
shear was moderate to high (20-25 knots) over the system area. However, it decreased 
towards north. The upper tropospheric ridge ran along 20°N. The system lay in the 
periphery of the anticyclone over central parts of India. Under these conditions, the 
system moved nearly northwards, intensified into a VSCS and lay centered near 
17.5°N/70.6°E over eastcentral AS. 

At 0300 UTC of 12th, the MJO lay in phase 3 with amplitude more than 1. 
Considering the environmental conditions, the SST was 31ęC over central and south AS. 
However, it was decreasing to 29-30ęC near Gujarat coast. The TCHP was around 70-90 
KJ/cm2 over the system area. TPW imageries indicated warm air advection into the core 
of the system. The low level relative vorticity was around 250 x10-5sec-1 around the 
system centre extending upto 200 hPa level. The lower level convergence increased and 
was about 50 x10-5sec-1 to the south of the system centre. The upper level divergence 
also increased and was about 50 x10-5sec-1 to the southwest of the system centre. The 
vertical wind shear was moderate to high (20-25 knots) over the system area. However, it 
decreased towards north. The upper tropospheric ridge ran along 21°N. The system lay 
in the outer periphery of the anticyclone over central parts of India. Another anticyclone 
was lying over Saudi Peninsula. Under these conditions, the westward component of 
movement gradually increased. The system maintained itôs intensity of VSCS, moved 
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north-northwestwards and lay centered near 18.0°N/ 70.3°E over eastcentral AS. At 0900 
UTC, favorable conditions also led to slight intensification of the system. 

At 0300 UTC of 13th, the MJO lay in phase 4 with amplitude greater than 1. Similar 
Sea conditions prevailed. The TPW imageries indicated warm moist air advection into the 
core of the system. The low level relative vorticity increased and was around 300x10-

5sec-1 around the system centre extending upto 200 hPa level. The lower level 
convergence was about 30 x10-5sec-1 to the south of the system centre. The upper level 
divergence was about 30 x10-5sec-1 to the southwest of the system centre. The vertical 
wind shear was low (10-15 knots) over the system area. The upper tropospheric ridge 
ran along 22°N. The anticyclone over Saudi Arabian Peninsula started influencing the 
system. It thus moved north-northweswards. The favourable environmental conditions 
helped the system to maintain itôs intensity and it lay as a VSCS near 20.4°N/69.4°E over 
northeast & adjoining eastcentral AS. The system skirted south Gujarat coast while 
moving from eastcentral AS to northeast AS during 13th ï 14th June, 2019 with gradual 
increase in westward component of movement. From 1200 UTC of 13th onwards, the 
system exhibited nearly westwards movement under the influence of anticyclone over 
Saudi Arabian Peninsula till 0900 UTC of 16th.  

At 0300 UTC of 14th, similar conditions w.r.t. MJO, SST and TCHP continued. 
TPW imageries indicated warm air advection into the core of the system. However, dry 
air prevailed to the northwest of the system. The low level relative vorticity decreased and 
was around 250x10-5 sec-1 to the south of the system centre. It was extending upto 200 
hPa level. The lower level convergence decreased significantly and was about 15x10-5 
sec-1 around the system centre. The upper level divergence increased and was about 
30x10-5 sec-1 to the south of the system centre. The vertical wind shear was low (10-15 
knots) over the system area. The upper tropospheric ridge ran along 22°N. The system 
was under the influence of the anticyclone over Saudi Arabian Peninsula. Under these 
conditions, the system moved west-northwestwards, weakened slightly and lay centered 
near 21.0°N/68.3°E over northeast & adjoining eastcentral AS. 

At 0000 UTC of 16th, the MJO lay in phase 4 with amplitude greater than 1. The 
SST was around 30-31ęc along Gujarat coast and adjoining northeast AS. It was less 
(around 28-30ęC) over western parts of northeast AS. The TCHP was around 70-80 
KJ/cm2 over the system area. TPW imageries indicated warm air advection into the 
system centre. However, dry air intrusion also started into the southwest sector of the 
system. The low level relative vorticity further decreased and was around 200x10-5 sec-1 
to the south of the system centre. However, it persisted upto 200 hPa level. The lower 
level convergence was about 40 x10-5 sec-1 to the southwest of system centre. The upper 
level divergence was about 30x10-5 sec-1 to the southwest of the system centre. The 
vertical wind shear was high (25-30 knots) over the system area. The upper tropospheric 
ridge ran along 23°N. The system was steered by the anticyclone over Saudi Arabian 
Peninsula. Under these conditions, the system moved nearly westwards, weakened into 
an SCS and lay centered near 20.7°N/65.5°E over northeast & adjoining eastcentral AS. 
Similar conditions prevailed and the system moved nearly westwards till 0900 UTC of 
16th.  

Under unfavourable conditions like, decreased lower level convergence (20x10-5 
sec-1 to the southwest of system centre), decreased upper level divergence (20 x10-5  
sec-1  to the southwest of the system centre), high vertical wind shear (25-30 knots over 
the system area) and intrusion of dry air into the southwest sector of the system, it 
exhibited weakening. Consequently, the vertical extension of the system also decreased. 
The system came under the influence of lower & mid level westerlies. It then gradually 
started recurving northeastwards from 1200 UTC of 16th June, and weakened into a CS 
at 1500 UTC of 16th June over northeast AS.  
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At 0300 UTC of 17th, the MJO lay in phase 4 with amplitude greater than 1. The 
SST was around 30-31ęC over northeast AS and along Gujarat coast. The TCHP was 
around 50-70 KJ/cm2 over the system area and less than 50 KJ/cm2 along Gujarat coast. 
TPW imageries indicated that warm air advection is continuing to the system centre. 
However, dry air intrusion is taking place in its southwest sector leading to gradual 
weakening of the system. The low level relative vorticity decreased and was around 150 
x10-5 sec-1 over the system centre. The lower level convergence was about 20 x10-5 sec-1 

over the southwest of the system centre. The upper level divergence decreased and was 
about 10 x10-5 sec-1 to the southwest of the system centre. The vertical wind shear 
decreased and was moderate to high (15-25 knots) over the system area. The upper 
tropospheric ridge at 200 hPa ran along 26°N. The vertical extension reduced 
significantly. The system moved east-northeastwards under the influence of lower & mid 
level westerlies and weakened into a DD near 21.9°N/ 66.8°E over northeast AS & 
neighbourhood. Similar conditions ensued and the system further weakened into a D 
near 22.2°N/67.4°E over northeast AS & neighbourhood at 0900 UTC and into a WML 
over northeast Arabian Sea and adjoining areas of Saurashtra & Kutch at 1800 UTC of 
17th June. Continuing to move further east-northeastwards, it crossed north Gujarat coast 
as a WML subsequently. 

The best track parameters of the VSCS Vayu are presented in Table 1.  
 
Table 1: Best track positions and other parameters of the Very Severe Cyclonic 
Storm ñVAYUò over the Arabian Sea during 10th June ï 17th June, 2019 
 

Date Time 
(
U
T
C
) 

Lat. Long
. 
T.No

. 
MS

W 
Estimated 
Central 
Pressure 
(hPa) 

Pressure 
Drop 

Grade 

10/6/2019 
 
 
 
 

0000 11.7 71.0 1.5 25 998 3 D 

0300 12.5 71.0 1.5 25 998 3 D 

0600 12.5 70.9 2.0 30 997 4 DD 

1200 13.3 70.8 2.0 30 996 5 DD 

1800 13.9 70.6 2.5 35 995 6 CS 

2100 14.2 70.6 2.5 35 994 7 CS 

11/6/2019 
  
  
  
  
  
  
  

0000 14.7 70.6 2.5 40 993 8 CS 

0300 15.0 70.6 2.5 40 992 9 CS 

0600 15.2 70.6 3.0 45 990 10 CS 

0900 15.7 70.6 3.0 45 988 12 CS 

1200 16.1 70.6 3.5 55 986 15 SCS 

1500 16.7 70.6 3.5 60 983 18 SCS 

1800 17.1 70.6 4.0 65 980 21 VSCS 

2100 17.5 70.6 4.0 70 977 24 VSCS 

12/6/2019 
  
  
  
  
  

0000 17.8 70.4 4.5 75 975 26 VSCS 

0300 18.0 70.3 4.5 75 973 28 VSCS 

0600 18.4 70.0 4.5 75 971 30 VSCS 

0900 18.8 69.9 4.5 80 970 32 VSCS 

1200 19.1 69.9 4.5 80 970 32 VSCS 

1500 19.5 69.8 4.5 80 970 32 VSCS 
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1800 19.7 69.7 4.5 80 970 32 VSCS 

2100 20.0 69.6 4.5 80 970 32 VSCS 

13/6/2019 
  
  
  
  
  
  
  

0000 20.3 69.5 4.5 80 970 32 VSCS 

0300 20.4 69.4 4.5 80 970 32 VSCS 

0600 20.5 69.3 4.5 80 970 32 VSCS 

0900 20.7 69.1 4.5 80 970 32 VSCS 

1200 20.9 69.0 4.5 80 970 32 VSCS 

1500 20.9 68.8 4.5 80 970 32 VSCS 

1800 20.9 68.8 4.5 80 970 32 VSCS 

2100 20.9 68.6 4.5 80 970 32 VSCS 

14/6/2019 
  
  
  
  
  
  
  

0000 21.0 68.5 4.5 80 970 32 VSCS 

0300 21.0 68.3 4.5 75 973 28 VSCS 

0600 21.0 68.2 4.5 75 973 28 VSCS 

0900 20.9 68.1 4.5 75 973 26 VSCS 

1200 20.8 68.0 4.0 70 976 24 VSCS 

1500 20.8 67.9 4.0 70 976 24 VSCS 

1800 20.8 67.8 4.0 65 978 22 VSCS 

2100 20.8 67.5 4.0 65 978 22 VSCS 

15/6/2019 
  
  
  
  
  
  
  

0000 20.7 67.4 4.0 65 978 22 VSCS 

0300 20.7 67.4 4.0 65 979 21 VSCS 

0600 20.7 66.9 4.0 65 979 21 VSCS 

0900 20.7 66.7 4.0 65 980 21 VSCS 

1200 20.7 66.4 4.0 65 980 21 VSCS 

1500 20.7 66.3 4.0 65 980 21 VSCS 

1800 20.7 66.0 4.0 65 981 21 VSCS 

2100 20.7 65.9 4.0 65 981 21 VSCS 

16/6/2019 
  
  
  
  
  
  
  

0000 20.7 65.5 3.5 60 983 18 SCS 

0300 20.8 65.2 3.5 55 985 16 SCS 

0600 20.9 65.1 3.5 55 985 16 SCS 

0900 20.9 65.0 3.5 55 986 15 SCS 

1200 21.0 65.1 3.0 50 988 12 SCS 

1500 21.2 65.5 3.0 45 990 10 CS 

1800 21.3 66.0 2.5 40 992 8 CS 

2100 21.5 66.4 2.5 40 993 7 CS 

17/6/2019 
  
  
  
  
  
  

0000 21.7 66.7 2.5 35 995 6 CS 

0300 21.8 66.8 2.0 30 996 5 DD 

0600 22.0 67.0 2.0 30 997 5 DD 

0900 22.2 67.4 1.5 25 998 4 D 

1200 22.5 67.8 1.5 20 998 3 D 

1800 
  

Weakened into a WML over northeast AS and adjoining areas 
of Saurashtra & Kutch. 
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The TPW imageries during 10-18 June, 2019 are presented in Fig.2. These imageries 

indicate continuous warm and moist air advection from the southeast sector into the 

system, till 14th June. From 15th onwards, dry air incursion from northwest increased and 

warm moist air around the system centre decreased leading to weakening of the system 

from 15th onwards. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Total Precipitable Water (TPW) imageries during VSCS VAYU (10-18 June, 
2019 

The wind speed in middle and deep layer around the system centre is presented 

in Fig.3. The deep layer wind shear around the system between 200 & 850 hPa levels 

remained moderate (10-20 knots) till 14th June and high (20-30 knots) during 14th to 18th 

June. The middle layer wind shear around the system between 500 & 850 hPa levels 

was moderate (10-15 kts) till 1200 UTC of 14th, increased becoming around 20 kts till 

12 JUNE/1330UTC 11 JUNE/1330 UTC 10 JUNE/1330 UTC 

15 JUNE/1330 UTC 14 JUNE/1330 UTC 13 JUNE/1330 UTC 

18 JUNE/1330 UTC 17 JUNE/ 1330 UTC 16 JUNE/1330 UTC 


